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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a carbon nanotube device 
which is capable of efficiently allowing current to flow through the 
carbon nanotubes by joining one end or both ends of each of carbon 
nanotubes to the electrode on a substrate provided with an 
electrode and further, capable of controlling the amount of current 
flowing through the carbon nanotubes with a magnetic field. 
SOLUTION: This manufacture comprises heating a substrate 30 that 
has a surface layer in which catalyst hyperfine particles 33 each 
contg. Fe, Co or Ni are dispersed in a material consisting essentially 
of Cu, Ag, Au or Or, to 400 to 800* C in an atmosphere contg. 
ethylene, acetylene or gaseous carbon monoxide as a gaseous raw 
material, to subject the gaseous raw material to thermal 
decomposition and thereby to grow carbon nanotubes 35 on the 
surface of the substrate 30. 
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ixi>ifi. 7^m<7y^mtiiimmiix^miM^. ^^m^) 

m.^t£}il<z^^^hcr,X\ ^l:^<Tt*»t^5^:V^. t. 

m^^mmvfzy^^^'^i.z-miX'h'o . r/ud-y^'^u 

[ 0 0 5 2 ] ^ d L-ctt^^n^^-jny-hy f-^-yf 
x<r>^mTu-\zx(r>m^m2 . 4tc*f. ia2{i7° 

V^T2 0{iaf<s. 2 1 (4Tx-;PH!f0m«i^^t5cM, 2 

2\iT--MmmiL^WLm. 2 StiM^S^Ismfii^, 
2 4{4Cu=5:i:^^*i:-ri.*Bm?4^Si#IK. 2 5(4 
ii-^sy^y^^-^Xhh. Z<Dmi:7t\,ZA-^^y± 

i.. t^ll2a.) (;0j;9l3Sf!|s:±lCCu, Ag, Au, 
C r5r±J«:«-i:-r-S.Mt^Fe, Co. N \^3E.^-;^t^ 

^±mm!m.=f-mm<<z^^Lfzmmt:mkLxi5< , 
iojiScM:^^^ Lxi±muicuhCoi9-y-yVt 
Ltz27mnxj^-/ 9 'J y^'^^^W^i!.?. o fiJt^f^ 
7C#Sim4' 4 0 0-80 0°C-C'T^-/I^-ri. Zt(,Zi.^ 

2 4 Ot^j^^Hlc C o 'S: 2 3 *i 

%±ti:i^cox'i.±ti:<. mmn^^^zcut^^^mmL 
fz *) . mizum'^^mx'h hcu mtftc Fe^coifi 

[00 533 mzm4 iZTik^J: 0 Ki:^m-^WfHX;^'-7ii 

yi-y^sL-r^^^^it:b. zzx\ ^mimmxh 
sia4(c-:>i^TSiB§-r^. ii44'4 nmmm^X'h 

, 4 2 4 3 {4#?l-MiSJlRMT'fe 0 

-cotSfl ti o T I -S. . 4 4 tix ^ y =5: if^oJlf 

(:^r i a leHS ixT I c: i: i t v ^. 4 5 {4*fg 
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Osccm^At, 4 5*^'^7KS2: 1 0 s c c m^A 

L, m^n(r>mi-k 1 0 0 ov^'x;^yucLT, m\-m.v 
i 0**^ 7 0 Q'c\,z tr 6 o^SR]ffi;$-«j-s . 
[0 0 54] ^:«J:o^^LT^#A>^^/::t><:o2r02c ) 

B@S-WL. «${il|S!l Onm-itl 0//mtC^S. ^ 

V COTill^r«^ Sc*^ s T M =5: if cD^I+^a^x/N'-f 

[00 55] 

[00 56] mm\ 

[ 0 0 5 7 ] ia4 4'4 1 tiKiE^^-C'*) 0 , 4 2{i» 
f*. 4 3{i^7 7 r h^cOlStJ'hi^iaiR^-e^) 
;Pr-cOSS'li>ffloTi^S, 4 4{i:I^1Sf;5fXS:@A-r-S. 

ies? V . 4 5 S-^Ai" ■l.'gT'^b *? . 
l^i'HljSja.^.4 9 (n^m:m h^t omtxz 

\,\%±'y^^\,z%w-mz^m.^-ixx\^^> . 4 eti^'xcD 
r^ti^m^tix\>^h. A7immM^M<r>mfmyy 
^rzisbcomyts.y-x'h^. z<omm^\^<oE:mt- 
^^t.i\.x\.-^i>. 

[00 58] t-f /}-ir:-yi-y ^ ^^^^-^^m 
cr)m^cr)i^m<.Z':>\^xmm-t ^ . 

[0059] mmzm\¥±.(,zmi&^im-th, mi^tx. 



RFXJ'i y^'jyy'mzX OCo$r 1 0 Onmm^X 
tz. X>'^••/^"J>'^^^WiRF€:'34 0 0W. Ar=5 

nmL=?^^^mi-thtzit)\iz^inwy<7^mt^^ 9 

;p-eX^TlHf\ CutCo, CrhFe. AghN 
i , A u t C o t N i ^rmS^i: |5ltt^^f^Tl5lP#X 
f^-f^^yy/. tt<{ilRli^ffiJjLDllSiaKj:0$t>2 0 0 
nm^J^L;t, C<7)i:#A (Cu. Cr. Ag. A 
u):B(Fe,Co.Ni) C0Jt(45 : 1 WS.h L 
fz. C:c7)a*$:l2l4{;5KL/c5JB^StCiSSt-C*^4 
%. 's.i;'?i^9 6%eD#H^4»T6 0 0'C-C2 0:»-ST 
::^-yW-?-?. i: . Sf*c7)^HKJiSgii-l^ l 0 n mcOF 
e, Co, N iC0fl!K«ti^S^3 3*iCu, Cr, A 

g , A u commn^^nm^ s a ^p'^mizij-^j: o mmm 
iz^Wi^tifzismm.^'^WLm s 2 co^mz^j: tz . 
[0060] mz:L(nmmmk^^^-fhm?.^Wi\:- 

SJE^K4»(3iSaL7t:^t. ^^4 5*^i^7K*?yx^ 1 
0 s c c m#ALTKJtE^llrt«7)JE:^3S: 5 0 Q>}^Xti)V 
\zLtz, 'eLT#^h^^yr5'jii*TLTaf*:?SKSr4 0 

0~80 O'CtcL-fc. ?ajg:6«^^L/:;f*. AAt^ty>i-9 

niiX^^ 1 0 s c c m^ALT RlE^SIl^iOEE*?: 1 
OOO>'N*X;{?;HcLT2O^S0ft»L3t<, ■etXf^J'Ha 

^yr^mLx. :^'xm^^^mfiLfz^^mm^mxMi 

[0 06 1 ] K0aiU7ta{*O^ffiSrFE-SEM (Fi 
eld Emission-Scanning ElectronMicroscope: ftWjRyi 
) tcT jffim L/t i: -I ^ , ^-mcomi^ 

yi-y-f-zL-zftii^^LX\^fz, A-^y^y^jL-z/ 
imm/fx^mmimm.'i'tzm^ Lxm^m n m-^ i 

m-^^^fz^mx'. mm^^hhrnmrnmyfrniz^^L 

X^i^fz. fzfzV^ 9 yifV-xiSx<r,i%^{,z\ifi-if^y 
■i'J^:^-y(nmMt''Mts±-r>tz, i.tz^y->^yifiv- 
xaxcT)^-^ tcti:;^/ - ;fx > ^ y f - a. - 70fl \,Z\±f^vV 
^ifh^. ykl.^t'TjJiicl OOnrntC^oTt^fc. 

if^y^j^:i.-^(nWL^^wsjSM--mmM. r^'i- 

vy. xf-u->. '<;>-^f>'. ^ ^y counts <^o/c» 

[0062] %t^i\.fzf}—T^^y^ J ^ — ><.^ X^ 

^^y^N-i^Kcfgau, a^^twc'A^o^tRfco. 1 

mmSitJt(4glc*frp]«fis$rfSSL/:r. -e L.■C^■v>'/^' 

^miz'it^^'tfz^>LV(m.\.x\mi.>i±%i)-'>fz. z 
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:^^mzViflzm^i: 1 0 0 0 lOe) tPMLtzb^i 
m^teaifi*<l 0%|6l±Uv:. 

^^-r(C^$flTl^-^Fe, Co, Ni^fc'0®ISt 
[0063] |gSfeglj2 

m^<^m^. ii5tfomiitia4co^M«iB&ii^fflv^T 
b) \m!S[mmx'hh, 

[0064] 1 i: nmz R F IBlB^Xys- y ^ U y^?" 

ate J; 0 ^^c o/Cxy^m^y'- ^;l--7Xi? ^fflv^T 
*3|s:5 0±tcMJ*2 0 0nmfi£KL?t:. icoi:#c7)xyN- 
•y:J"J>':J^^{4RFm^J4 0 0W. Ar = 5mTor 
r#fflmTJ> 0 , C o : C u cOfK^JtJi 1 : AWSX'ty 
-ytz. itfO»«s$rll4tc^Lfc^JE^iat^SLTl 0 
-7To r rC0*^43-?:-4 5 0'C-C2 OiJ-r^T— -/p-TS 
i: , ^mk^<r>Q. oim^\^XnWt-^ 1 0 nmOC 

* . 4-f 4 5*'^>*S;^'X5: 2 0 s c c m^ALTKJSF 

yT^M7Lxmms,m^eoo°cizLfc. 

Lfzm. m.mx'r-^^\y>^ i oxtx-n^Ltzm^iM 

2 0 s c c mmXl-XKm^^l^c^m^i: 1 0 
0 O^N°X;<?;Kz LT 2 O^^^l^j^LTt, iCTT-b^l/ 
>'tOcriix;^)i»#:A*-^> B(ciJ5n§ J; oiSKLf^. ^ LT 

y)V'7X9X'ii)'^- Ltd\k:^)^-y 9 0 >ymzJ: K)Co 
/}-jf.yi-yi-jL-:/5 4 (T^^ayiz^-^amm 5 2 

[0 0 6 5] nih>nt:mi^(r)mm^FE-sEmzxm 
mLfztz6, m5a. b) iz^t^oizmmn^-^m. 

tnzr^-yx A^'i^BcDyfmzm.MLxti'o . Mm5 i , 

5 2^«i:;^-;K>-^y^jL-7"T'«-^T'g'TV>^^, 
.■Jf>'-^y^jL-r5 4c7)iIg{4SS[nm-^l OnrnT'*) 

[0066] n^tLfz^-iny^y^^-v^y-'^U x<n 

3"c. cicr>t^m.mim5tpA-Bi,zmm.i3i^izmaL 



tmmt:'^uizLm.txi>&^(omm^'ms^iS.i: 'o^s 

'-^ v-X 5rS»T-# •!> r ^-SW XT^!)-S> C: *-'6if2:^it 
tz. ^fz)m.<r>tz^i]-if^V^J^^-y^m\lif.±.\,z^ 

[0067] gMM3. 
mzT 1 pM;&---i<y-^-y^ji.-yrvs-f 

[0 068] ^-fm^eOX'h^S i •>J:yN-^7=r h 
'JV^'77'f-lcJ:O06a) coJioiz^mzmsSiL. 
^<r>±.\,zc o^me 1 f:;:?.>'N* y 9 V 'J y^^fci 010 

0 n m commxm.m Ltz, -e l t ^co-^tc mmn"^-^ 
i: c u ^mmmmiz x k> fw>^« l , ^<om^ oy^ 

coitus 1 : AX'^-ytz, :i<7:>mW^mAl.Z9}^LtzKm 
^mzmMLX 1 O-^To r r(n%m!^X'A 5 O-CT'2 

o%^r~-iv-^ht. ^m.m^<^coifiiex\!&Lxm^ 

1 0 n moc o crymmmmtt^ e 3 d 
stc:«-tic§ n^:4^^*i w^^n/i , mzz copmmmm.^ 

t-TA 5*><>*«;*'X$r 2 0 s c c m^AL-CRjS^S 
l^<7)E.^i: 5 0 0^>°X;^;H;L-^v:, LT#5'l-ll7yr 
iMTLxmmS.m'S: 7 0 O'Ctc L^>:, UmA^MLtz 
Xf-l^ y;)yx^ 2 0 s c c mSA LTRiE^HrtO 
ffi:^I^l 0 00^NVP;</;HcL-C2 0^iai^Jtt/i, 

mimSiiz Lxij-^mii^ii^'^izM 0 m ttz, 
[0069] n^^tifzm^crmm^ f e - s e mizxm 

--iCl 0 nmT'fc-o/v:. 

[0070] mhtitzij-Tr^y^y^A-yfJUx^ 

#'ffifFfii-ri./ci6, S^^STiVi, AFM|?fii^at::K 
OWt, 't<7yM%eihWMLtz. STM. AFMfp 

i^*^#^>ix/i, i;^^STMT{i;«KL/^M^OK;<^ 
it;?) WJ $ iX/i . >! ilti ;4r - ;K >• :h y ^ i - 7'*>' G M R 

[007 1] 

[l69BiO$Jj*] m±mBS L;t*-.-Ky^y f- i-:/coM 
ffiSrfflt ^ I. C t {c J; 0 lilTi^S/J* &3iE)tT' # -g. , 
[0072] 1 ) «ffii:«M6^^i^^0J;V^^-.i<y:^y 
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[0073] 2 ) rnMizx ^mm&mmT^^}!i-t^ 
[0074] 3 ) t^mi> L < iimt^ij^mmzm-^^tix 

[ 0 0 7 5 ] 4 ) ^S^:^I^^*%'S.SJKl^-'5^;*-*'>:^ 

[0076] 5 ) mm.^GM<7)iiLmizm.mA-7i(yi-y 

imi 1 :^-^^ymm(r)mm^^^^mB&mx\ a) urn 

/;~:t(ycr>n\,^fc/!-^^yt y^^-y . c ) 

(A-t^y) ^yf-j.-r, d ) ia^y^^ju^ 

[02 ] iffi{M;»-'-Kv:^y^i-:/xV\Mxc7)S!jgra 

{ae^^M-ifelS (T--;UM) b ) ti 

^<oll^r--;PL/::f*o«sg. c ) ii:^-t:y'ty^ 

[03 1 Hi&^J 1 ^7)7>-7K>':^y ^ Xcog 

mrn-bximm-t^rziif>(7)mmmmmx\ 

tH-tjtH (r--;Hu) €:B£lit^ci:^'!>. c ) {i-ec^M 

[04 ] A~^^y^y^^-y<r>^^w<r)iimmx'h 

[05 ] ^s^-dO-^yf-^-rf-'vN'-Yxoiij^^iM 
HJt-S/v:tf>cDm0T\ a) {i±*^i^;^ijtTa0, b) 

immmmx'h^. 

rxi-tx^mmr^rzi^c^mmmmmx\ a.)i±mt>i^± 
izmmm^L^f^tz^. h ) ii^<7)±</)-mzfm. 
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